Physiologically based biokinetic model of bioactivation and detoxification of the alkenylbenzene methyleugenol in rat.
The present study defines a physiologically based biokinetic (PBBK) model for the alkenylbenzene methyleugenol in rat based on in vitro metabolic parameters determined using relevant tissue fractions, in silico derived partition coefficients, and physiological parameters derived from the literature. The model was based on the model previously developed for the related alkenylbenzene estragole and consists of eight compartments including liver, lung, and kidney as metabolizing compartments, and separate compartments for fat, arterial blood, venous blood, richly perfused and slowly perfused tissues. Evaluation of the model was performed by comparing the PBBK predicted concentration of methyleugenol in the venous compartment to methyleugenol plasma levels reported in the literature, by comparing the PBBK predicted dose-dependent percentage of formation of 2-hydroxy-4,5-dimethoxyallylbenzene, 3-hydroxy-4-methoxyallylbenzene, and 1'-hydroxymethyleugenol glucuronide to the corresponding percentage of metabolites excreted in urine reported in the literature, which were demonstrated to be in the same order of magnitude. With the model obtained the relative extent of bioactivation and detoxification of methyleugenol at different oral doses was examined. At low doses, formation of 3-(3,4-dimethoxyphenyl)-2-propen-1-ol and methyleugenol-2',3'-oxide leading to detoxification appear to be the major metabolic pathways, occurring in the liver. At high doses, the model reveals a relative increase in the formation of the proximate carcinogenic metabolite 1'-hydroxymethyleugenol, occurring in the liver. This relative increase in formation of 1'-hydroxymethyleugenol leads to a relative increase in formation of 1'-hydroxymethyleugenol glucuronide, 1'-oxomethyleugenol, and 1'-sulfooxymethyleugenol the latter being the ultimate carcinogenic metabolite of methyleugenol. These results indicate that the relative importance of different metabolic pathways of methyleugenol may vary in a dose-dependent way, leading to a relative increase in bioactiviation of methyleugenol at higher doses.